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Abstract:

A 64-year-old woman developed symptoms of vomiting and tonic-clonic convulsions 9.5 h after eating 50
roasted Ginkgo biloba seeds with 100 g of alcohol. The intravenous administration of pyridoxal phosphate ef-
fectively improved the symptoms. Blood samples were collected and stored over 35 h. The assessment of 4'-
O-methylpyridoxine and vitamin B6 vitamers indicated high levels of both, but the pyridoxal phosphate lev-
els were low during the acute stage. These results suggest that 4'-O-methylpyridoxine inhibits the transforma-
tion of vitamin B6 analogues to the active form, pyridoxal phosphate. In our case, alcohol may have ex-

tended the period until ginkgo intoxication appeared.
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Introduction

The consumption of Ginkgo biloba (GB) seeds (Gin-nan/
Ginkyo in Japanese) is common in Japan, Korea, and China.
In Japan, GB seeds are consumed as a seasonal treat in
autumn, but vomiting and convulsion may appear when GB
seeds are consumed in large quantities, especially in chil-
dren. Wada et al. investigated GB seed poisoning by identi-
fying the causal substances of the poisoning by first per-
forming animal experiments, and then by further measuring
the blood concentrations of patients known to have con-
sumed GB seeds (1-3). The mortality rate is approximately
13% (22 of 170) in Japan, and no deaths caused by GB
seed poisoning have been reported since 1969 (4). Of the
cases of GB seed poisoning reported, many have been in
children (3-10) and only a few in adults (11, 12), and few
reports have been published in the English
ture (13, 14).

The toxic component in GB seeds that causes convulsion
has been identified as 4'-O-methylpyridoxine (MPN) and
may inhibit the production of pyridoxal phosphate (PLP; ac-

litera-

tive form of vitamin B6). In addition, because PLP is a co-
enzyme of glutamate decarboxylase, the formation of 7-
aminobutyric acid (GABA) may be decreased, resulting in
convulsion (2, 15, 16).

We recently used a rat model to examine the plasma con-
centration changes in B6 vitamers [PLP, pyridoxal (PL), and
4-pyridoxic acid (PA)] after intravenous MPN administra-
tion. Significant decreases in the concentration of PLP as
well as an increase in the PL and PA concentrations were
observed (17). We herein report a case of GB seed toxicity
in which we examined the serum concentrations of these vi-
tamin B6 analogues during intoxication.

Case Report

A 64-year-old woman with no significant medical history
visited the emergency department with symptoms of vomit-
ing and tonic-clonic convulsions. Neither she nor anyone in
her family had ever had an epileptic episode. She has con-
sumed distilled spirits (100-150 g alcohol) every day for
over 40 years. From approximately 7:00 pm to 10:00 pm,
she consumed around 100 g of alcohol while eating about
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Table. Serum Concentration of Each Substance.
A) (M)
time after ingestion PLP PL PA MPN PLP/PL PLP/PA
10 h 12 150 200 3,461 0.08 0.06
14 h (1 h after adm. of PLP) 12,311 4,116 2,304 3,230 3.0 53
35h 22,693 3,335 1,344 <100 6.8 16.9
reference value* 21-138 5-26 9-60
reference value** 19.8-200 4.2-245  6.1-107 2.3-13.7
B) (ng/mL)
time after ingestion PLP PL PA MPN
10h 3.0 25 37 634
14 h (1 h after adm. of PLP) 3,042 688 422 592
35h 5,607 558 246 <20
reference value* 5.2-34.1 0.8-4.3 1.6-11.0
reference value** 4.9-494 0.7-4.1 1.1-19.6

Aunits in nM,Bunits in ng/mL. Serum concentration of each substances at each point.

Reference values from the literature *(18), **(19).

PLP: pyridoxal phosphate, PL: pyridoxal, PA: pyridoxic acid, MPN: 4'-O-methylpyridoxine, adm.: administra-

tion

50 roasted GB seeds. At 5 h after she consumed the seeds
(3:00 am), she began vomiting. She had the first convulsion
at around 7:30 am, which was 9.5 h after ingesting the GB
seeds. When she arrived at the emergency department, her
symptoms had improved slightly. Emergency physicians
considered acute alcohol intoxication and started her on in-
travenous fluids. However, at 9:05 am, the convulsion ap-
peared again, and they administered an intravenous infusion
of diazepam. The symptoms returned, and she was admitted
to the hospital.

At admission, her height was 160 cm, her weight was 55
kg, blood pressure was 148/105 mmHg, pulse was regular at
66/min, and her temperature was 35.5C. There were no
other noteworthy findings. The pupils were round but re-
acted slowly to light. There was no obvious paralysis or sen-
sory disorder. The deep tendon reflex was normal, but the
plantar reflexes were extensor bilaterally. The patient was
drowsy and disoriented. Although she was able to answer
simple questions, she was unable to follow instructions com-
pletely. She displayed signs of irrational behavior, such as
getting out of bed without permission.

On admission, an analysis of her arterial blood gases un-
der oxygen administration (2 L/min) via nasal cannula
showed mild acidosis (pH 7.245; pCO, at 46.9 mmHg; pO,
at 133.0 mmHg, and HCO; at 19.9 mmol/L). Mild hepatic
dysfunction was also noted. The liver function test showed a
total bilirubin level of 1.4 mg/dL, AST 92 IU/L, ALT 69 IU/
L, LDH 232 TU/L, y-GTP 346 IU/L, and CK 61 IU/L. The
remaining results from the blood screening tests were nor-
mal. Levels of vitamins B1, B2, and B12 as well as folic
acid and ammonia were also within the normal range. Her
inflammatory markers, kidney, electrolytes, and blood sugar
were normal, and she was negative for any hepatic viral in-
fections. The first serum sample was stored for 10 h after
ingestion. She underwent computed tomography (CT) of the

head and abdomen. Abdominal CT showed signs of a fatty
liver, while head CT findings were normal. In addition, the
cranial magnetic resonance imaging (MRI) and electroen-
cephalogram findings obtained the next day were normal.

Immediately after admission, at 10:35 am, she had gener-
alized tonic-clonic convulsions again for about 2 minutes.
She started intravenous PLP (30 mg twice a day) for 2 days.
An hour later, the next blood sample was taken (14 h after
the last ingestion of GB seeds). There was no subsequent re-
currence of convulsions. On the second day of hospitaliza-
tion, her symptoms and abnormal neurological examination
findings disappeared. On the third day of hospitalization,
she was found to have completely recovered and discharged
herself.

Measurement studies

The serum concentrations of PLP, PL, PA, and MPN were
simultaneously measured by high-performance liquid chro-
matography with a fluorescence detector according to the
previously reported method (17).

Measurements were conducted twice, and the mean values
(n=2) are shown in the Table. At the arrival time (10 h after
the last ingestion), MPN was >3,000 nM, which indicates
GB intoxication. In contrast, PLP was relatively low, while
PL and PA were relatively high. An hour after replacement
of pyridoxal phosphate, the levels of PLP, PL, and PA were
significantly increased. PL and PA decreased with time.
Blood samples at 35 h after ingestion showed low levels of
MPN. Reference values were obtained from the litera-
ture (18, 19).

Discussion

GB, one of the oldest living tree species in the world, has
a long history in traditional Chinese medicine. Today, the
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extract from GB leaves is used as a dietary supplement for
many conditions, including dementia (20) and other health
problems (4). Interestingly, no conclusive evidence has
shown that GB is helpful for any health condition (21).

GB seeds contain components of anti-vitamin B6 (2). Vi-
tamin B6-dependent convulsions have been reported, espe-
cially in the pediatric field (22). Vitamin B6 may thus be
closely related to convulsions. In addition, reports suggest
that vitamin B6 levels are decreased in people with alcohol-
ism (23). In most cases, the MPN concentration at the time
of poisoning has been reported to be >500 nM (9), and our
case showed an MPN concentration of 3,461 nM, suggesting
acute poisoning of GB seeds. Serum MPN was not detect-
able the next day, and her symptoms also improved along
with the disappearance of MPN from the serum. However,
the concentration of PLP was 12 nM at poisoning, indicat-
ing acute deficiency of vitamin B6. Interestingly the concen-
trations of PL and PA were relatively high, but both the
PLP/PL and PLP/PA ratios were extremely low, which was
the same finding as seen in pharmacokinetic studies of MPN
after intravenous (17) and oral administration to rat (24).
These similarities suggest that MPN may inhibit pyridoxal
phosphorylation by pyridoxal kinase in both rats and human
(Figure).

In a previous report, the cerebrospinal fluid of epileptic
patients showed lower PLP concentrations and PLP/PL ra-
tios than that of non-epileptic patients (25), suggesting that
susceptibility to epilepsy may be associated with these find-
ings. In that same report, PL kinase was suggested to play
an important role in the metabolism of vitamin B6 vitamers,
especially in the brain. Even in cases with intoxication, the
concentration ratio of each substance (MPN/PLP, PLP/PL,
and PLP/PA) may be a more sensitive marker than the
plasma PLP concentration. The detailed mechanism underly-

(MPN)

The effect of MPN on vitamin B6 concentration and GABA synthesis (16, 17).

ing MPN intoxication should be elucidated in future studies.

In many reports written in Japanese, symptoms have been
reported to appear at 1 to 12 h after the ingestion of GB
seeds, appearing in most cases by 6 h. However, children
show an onset within several hours after ingestion, while
convulsions started at 12 h in a 38-year-old woman (9), and
symptoms appeared at approximately 12 h in a 51-year-old
woman (14). In our case, the first convulsion occurred after
a relatively long latent period, suggesting that a sympto-
matic latency period and prolongation are observed in adult
cases.

The mechanisms leading to this relatively long latent pe-
riod should be discussed. The adult brain is considered to
have a higher threshold of seizure occurrence than a child’s
brain. Therefore, adults may require the ingestion of a
greater amount of GB seeds to show seizures than children,
and the blood levels of toxic substances after ingestion of
GB seeds may rise more slowly in adults than in children.
High concentrations of MPN were detected after a relative
long latent period in our case, possibly due to alcohol con-
sumption altering the pharmacokinetic parameters, such as
by enhancing GB seed digestion and MPN absorption and
inhibiting MPN metabolism. However, no studies have ex-
amined this hypothesis. The relationship between alcohol,
seizure threshold, toxin intake, and the metabolisms of toxic
substances are complex, and the role of alcohol consumption
in this case is unknown. Alternatively, alcohol may have
also prolonged the latency period, since this substance de-
creases the activity of excitatory transmission of glutamate
and enhances GABAergic transmission (26).

Although diazepam and midazolam are effective for con-
vulsions caused by GB poisoning, the recurrence of convul-
sions may occur. Symptoms disappear relatively quickly
when vitamin B6 (PLP or pyridoxine) is administered. The
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administration of vitamin B6 is the most effective treatment
for food poisoning by GB seeds (5, 8, 9).

This is the first case report where the patient had actual
convulsions due to GB poisoning, and the serum concentra-
tion of various B6 vitamers were measured over time. In or-
der to measure MPN and B6 vitamers, it is necessary to col-
lect and keep not only serum but also cerebrospinal fluid
samples over appropriate time intervals. It is very important
to note the history of ingestion of GB seeds so as not to
confuse the patient as having alcoholism or epilepsy.

The authors state that they have no Conflict of Interest (COI).
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